We study the effect of adding discrete structural mass on the linear stability of an otherwise homoge- 
INTRODUCTION
embedded within the plate material. Gravitational effects are neglected and thus in the unperturbed 22 system state the plate is aligned with the x-axis. When subjected to a small-amplitude perturbation, 23 the contour of the deformed plate causes it to become a lifting surface over which a non-uniform 24 fluid pressure field acts. This further deforms the plate which, in turn, modifies the lift force and 25 its associated pressure field. Thus, a fluid-structure interaction is established that may lead to either 26 attenuating, neutrally-stable or amplifying oscillations of the structure. Of particular importance is 27 the critical value of the flow speed at which fluid-loaded vibration first become unstable. While this 28 system is of fundamental interest, its dynamics may be relevant to many physical systems ranging 29 from fluttering flags, through to oscillations of the human soft-palate that create snoring noises, and to 30 energy-harvesting devices that could extract fluid energy through its transfer to the plate in a process 31 of controlled destabilisation.
32 Kornecki et al. (1976) were the first to conduct comprehensive modelling and analysis of the 33 problem at hand, although it has classical roots that date back to Lord Rayleigh and see, for example, was mounted symmetrically within a channel with its walls located at y = ±H; the present system 61 is obtained by letting H → ∞. We also neglect the effects of the wake that were modelled in the 62 precursor paper because these were shown to be significant only for very short panels; we will return 63 to this below. and continuity of the distributed vorticity between adjacent panels used to discretise the flexible plate.
71
Thus the vector of singularity strengths is given by
where Γ m contains the zero-and first-order order coefficients of the singularity distributions on the 
where [B] 
is the collocation point closest to the location at which the point mass is added.
96
We take two approaches to the solution of Eqn. 2. In the first we reduce the second-order ordinary 97 differential equation in {η} to first-order using the state-space variables w 1 (t) = η(t) and w 2 (t) =η(t).
98
Rearranging in companion-matrix form then yields the system equation
Single-frequency time-dependent response is assumed at ω which is a complex eigenvalue of [H] .
100
Positive ω I and ω R respectively represent the oscillatory and amplifying parts of the response.
101
Alternatively, we perform a time-discretisation of Eqn. 2 and then numerically time-step, using 102 a semi-implicit method, the equation to determine the system response to some form of initial per-
103
turbation. In doing so we are able to study transient behaviour and reveal localised flow-structure 104 dynamics that when summed contribute to the system response. 
The non-dimensional streamwise coordinate, the length (or mass ratio) of the flexible plate and 109 the channel height are defined by
This scheme permitsŪ andL to be interpreted respectively as the physical flow speed and plate length for given fluid and plate properties.
Howell et al. (2009) showed that when channel walls were present at y = ±H their effect was 113 negligible forH = 1; i.e. the fluid-structure system behaved as if it were in an infinite domain of fluid.
114
We also use a perfectly elastic plate, henced = 0, in the present study. Howell et al. (2009) presented 115 the effects of channel wall proximity, damping and an upstream splitter plate on the fundamental 116 system studied here; the reader is therefore referred to that work for the details of these refinements.
117
We discretise the flexible plate into N = 50 panels, following Howell et al. (2009) wherein the present 118 methods were validated, and extract all 50 system eigenmodes. In summary, the non-dimensional 119 control parameters of the system investigated are the flow speedŪ , the plate lengthL, the quantity 120 of added mass n + , and its locationx p .
121
To understand the results of our numerical simulations, we consider the energy evolution of the according to
where the total plate energy, E t , is the sum of the kinetic energies of plate, E k , and added mass, Figure 2a shows the variation of system eigenvalues with applied flow speed.
135
Single-mode flutter of the second system mode is the critical instability at a non-dimensional flow speed
136Ū
=Ū c = 5.452. Figure 2b shows the numerical simulation of the critical mode at this flow speed.
137
The simulation was started by releasing the plate from an applied deformation -the thick black line quarter is increased and this is a typical feature of modal-coalescence flutter as will be seen in §3.2.
157
However, this additional source of destabilisation is offset by an increased stabilising energy transfer 3a, and is stabilising throughout the range of n + studied, whereas adding mass atx p = 0.375 and 175 0.875 promotes, for the latter as demonstrated through Fig. 4 , the single-mode flutter (smf) that is the critical instability for the homogenous plate. Figure 5b shows how the critical speed varies with the position,x p , at which the added mass is located on the plate for three different quanta, n + = 1, 178 2 and 3. Note that we limit mass addition to a value of n + = 3 (three times the plate mass) because 179 to exceed this would be physically implausible. The features for the different amounts of added mass 180 are similar. This demonstrates that its effect is critically dependent upon the location at which it is 181 added and therefore adding mass can be used as a strategy to either increase or decrease the critical 182 flow speed. 9. Throughout the range of n + andx p investigated the addition of mass is seen to be destabilising.
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The kinks in Figs 
